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Environmental factors in space are dramatically different from those on Earth. The spaceﬂight environment 
has been known to inﬂuence human physiology and behavior on orbital missions. In this study, we 
investigated alterations in the diurnal rhythms of activity and heart rate of three Chinese astronauts on a 
space mission. An analysis of the heart rate data showed a signiﬁcant decrease in heart rate amplitudes 
during ﬂight in all three subjects. The heart rate amplitudes of all the three astronauts were signiﬁcantly 
dampened during ﬂight, and the minimum as well as the maximum value of heart rate increased after 
ﬂight. A phase shift in heart rate was observed in one of the three astronauts after ﬂight. These results 
demonstrate the inﬂuence of spaceﬂight on heart physiology and function. In addition, a signiﬁcant 
decrease in body trunk activity and rhythmicity occurred during ﬂight, demonstrating that the spaceﬂight 
environment disturbs motion adaptation and diurnal activity rhythms.
© 2015 The Committee on Space Research (COSPAR). Published by Elsevier Ltd. This is an open access 
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
During spaceﬂight, astronauts are exposed to extreme envi-
ronmental factors that differ dramatically from those on Earth. 
These factors include altered lighting, light–dark cycles, gravita-
tional force and radiation (Bai and Wang, 2008; Mcphee and 
Charles, 2009). During space missions, changes in a many physio-
logical and behavioral variables have been reported. These changes 
may produce disturbances in both the health and the performance 
of astronauts (Mcphee and Charles, 2009).
Circadian rhythmicity is a ubiquitous feature of living organ-
isms. The circadian timekeeping system (CTS) is entrained to the 
cyclic environmental factors that display a period of 24 h, such 
as light–dark alternation and temperature (Fuller, 1994; Guo et 
al., 2014). Among the environmental factors, light/dark cycles and 
gravitational force are two important synchronizers for the cir-
cadian timing system. These factors might contribute to the al-
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).terations of circadian rhythms in space (Gachon et al., 2004;
Monk et al., 2001).
Although research results are still very limited, several stud-
ies of the circadian/diurnal rhythms of astronauts have been con-
ducted. Most of these investigations were isolated studies based on 
very few subjects (Bai and Wang, 2008; Mcphee and Charles, 2009;
Wang et al., 2014). After their return from space, astronauts of-
ten display altered short-term cardiovascular dynamics (Verheyden 
et al., 2007). Such circadian desynchrony jeopardizes physiology 
and behavior, and it causes astronauts to show various disorders 
and performance errors. Disturbances of circadian rhythms and 
sleep are indicators and common diagnostic criteria for a variety 
of psychiatric disorders (Mcphee and Charles, 2009). For instance, 
the deregulation of circadian blood pressure rhythms may lead 
to several disorders including chronic kidney disease (Agarwal, 
2010). However, the detailed effects of spaceﬂight on circadian 
rhythms still remain to be determined. An understanding of cir-
cadian rhythm changes in space will help develop novel counter-
measures to improve crew health and performance (Mcphee and 
Charles, 2009).
In this study, we measured the heart rate and activity data of 
three Chinese astronauts on a space mission and investigated the 
inﬂuence of spaceﬂight on diurnal patterns of heart rate and activ-
ity.td. This is an open access article under the CC BY-NC-ND license 
Z. Liu et al. / Life Sciences in Space Research 4 (2015) 62–66 63Fig. 1. Changes in HR of three astronauts before, during and after ﬂight. A, Diagram showing scheduling of data collection. B–D, Preﬂight (B), inﬂight (C) and postﬂight (D) 
HR data for one of the astronauts. F–H, Preﬂight (F), inﬂight (G) and postﬂight (H) HR data for another of the astronauts. J–K, Preﬂight (J) and inﬂight (K) HR data for the 
third astronaut. E, I and L, Aligned data for comparison of three astronauts, respectively. The starting times of each astronaut were aligned to occupy the same position on 
the graphs. Curves for preﬂight data are in black, curves for inﬂight data are in red and curves for postﬂight data are in blue. Arrows denote missing data.2. Materials and methods
2.1. Subjects
Three Chinese astronauts (one woman and two men) on a space 
mission orbiting the Earth for approximately 15 days participated 
in this study (Fig. 1A). These astronauts were aged 33–49 yr. They 
all met the health criteria of the Astronaut Center of China for 
ﬂight assignment. Before the ﬂight they were trained in the use 
of Actiheart devices. Throughout the space mission, the astronauts 
maintained a regular work–rest timetable: they went to sleep at 
approximately 10:00 PM and awoke at approximately 6:00 AM. 
They slept with eye masks. This work–rest schedule minimized 
the disruption of circadian rhythms. The sleep questionnaires in-
dicated that they all slept well during ﬂight (data not shown). The 
illumination in the cabin was approximately 200 lux. The ambient 
temperature in the spacecraft was approximately 25 ◦C.
The described experiments were approved by the Ethics Com-
mittee of the China Astronaut Research and Training Centre. The 
subjects were informed of the potential physiological and mental 
consequences, and all of them gave written informed consent prior 
to the study.2.2. Equipment
Actiheart monitors (Camntech, UK), an integral device for 
recording heart rate (HR) and activity variables simultaneously, 
were used to collect heart rate and activity data in this study. 
The parameters for measurement were as follows: recording time, 
HR+Act+IBI Max–Min; recording frequency, 1 min. The Actiheart 
monitor was worn on a belt around the astronaut’s chest in accor-
dance with the manufacturer’s instructions. The data acquired by 
the Actiheart monitors were analyzed with Actiware software after 
the return of the mission.
Actiheart monitors worn with a chest belt may become loose 
due to movement, resulting in missing data. All the non-usable 
data were eliminated before analysis, and the periods for which 
data were missing are reﬂected by discontinuities in the heart rate 
curves (Fig. 1A–C; Fig. 2A–C).
2.3. Measurement schedules
The experiment was structured in terms of 48-h measurement 
blocks. The inﬂight data for one astronaut were incomplete, and 
the postﬂight data were missing (Fig. 1A). For each of the two 
64 Z. Liu et al. / Life Sciences in Space Research 4 (2015) 62–66Fig. 2. Changes in activity before, during and after ﬂight of two astronauts. Changes in activity before, during and after ﬂight of A1(A–C) and A2(D–F). Arrows denote missing 
data. Average values with SEM are shown. ∗∗∗ p ≤ 0.001.other astronauts, there was one measurement block before launch-
ing (preﬂight, starting 21–23 days before launching), one during 
ﬂight (inﬂight, 3–6 days after launching) and one after the mission 
(postﬂight, 4–6 days after landing).
2.4. Statistics
A Lomb–Scargle periodogram analysis was performed to cal-
culate the periodicity and statistical signiﬁcance of the heart rate 
data and of the activity data, as previously described (Liang et al., 
2012). The number of test frequencies (M) was deﬁned as four 
times the number of the time points in the series (N), and the 
range of frequencies was from 1/48 h−1 to 1/6 h−1.
A Student t-test was performed to analyze the maximum and 
minimum values and the amplitude of the heart rate data. A one-
way ANOVA was performed to calculate the average values and the 
signiﬁcance of the heart rate and activity data. The values are ex-
pressed as the mean ± SEM. The signiﬁcance levels are denoted as 
follows: ∗ p ≤ 0.05; ∗∗ p ≤ 0.01; ∗∗∗ p ≤ 0.001.
3. Results
3.1. Changes in heart rate variables
We measured the heart rate variables of the three astronauts 
with Actiheart devices before, during and after ﬂight, each for two 
continuous days (Fig. 1B–D, R–H, J, K). The inﬂight and postﬂight 
data for one astronaut were incomplete and missing (Fig. 1J and K). 
The results showed that the mean HR levels of all three astronauts 
during ﬂight were not signiﬁcantly altered relative to the preﬂight 
data. The mean HR levels were analyzed. Except for the astro-
naut whose postﬂight data were missing, the results show that 
the heart rate values for the astronauts were elevated after ﬂight 
compared with the preﬂight data. The amplitudes of the heart rate 
rhythms decreased strikingly during ﬂight relative to the preﬂight 
data (Fig. 1E, I, K and Table 1).Table 1
Changes in heart rate variables before, during and after ﬂight.
Before ﬂight During ﬂight After ﬂight
Average 1 65.74 (±1.43) 65.00 (±1.21) 72.08 (±1.68)∗∗
2 68.58 (±2.25) 66.14 (±0.90) 81.91 (±1.83)∗∗∗
Amplitude 1 14.44 (±0.46) 9.69 (±0.15)∗∗ 14.34 (±0.15)
2 18.44 (±1.58) 10.76 (±0.71)∗ 17.38 (±1.29)
Maximum 1 81.27 (±0.29) 72.79 (±0.51)∗∗ 85.12 (±0.93)∗
2 86.20 (±2.93) 79.28 (±0.05)∗ 99.83 (±3.88)∗
Minimum 1 52.40 (±0.64) 53.42 (±0.81) 56.44 (±0.63)∗
2 49.32 (±0.24) 57.77 (±1.36)∗ 65.07 (±1.31)∗∗
Notes: Average, minimum, maximum and amplitude values of heart rate data, ex-
pressed as the mean ± SEM. Period, time between two adjacent troughs of oscil-
lation (h); Max, maximum value of heart rate (bpm), calculated from three highest 
values; Min, minimum value of heart rate (bpm), calculated from three lowest val-
ues; Amplitude, amplitude of heart rate rhythms calculated as the mesa of the 
difference between Max and Min (bpm). ∗p ≤ 0.05. ∗∗p ≤ 0.01. ∗∗∗p ≤ 0.001. The 
signiﬁcance of the change in heart rate from the corresponding preﬂight value was 
evaluated with a Student t-test.
We also analyzed the minimum and maximum values of the 
HR data for the two astronauts whose postﬂight data were avail-
able. The results show differentially changed proﬁles. The max-
imum HR values of both astronauts increased during and after 
ﬂight. The minimum values of one increased after ﬂight but not 
during ﬂight. Moreover, the minimum values for the other astro-
naut increased both during and after ﬂight (Table 1). Circadian 
phases were also estimated from the heart rate curves, and the 
results showed a phase delay for one astronaut but not for the 
other after ﬂight (Fig. 1E and I). A Lomb–Scargle analysis was per-
formed to evaluate the rhythmicity of the heart rate data form the 
two astronauts, and the results showed that, despite the changes 
in the average, the amplitude and maximum or minimum values 
of heart rate displayed robust rhythmicities before, during and af-
ter ﬂight, with periods of approximately 24 h between all peaks
(Fig. 3A and B).
Z. Liu et al. / Life Sciences in Space Research 4 (2015) 62–66 65Fig. 3. Lomb–Scargle analysis of heart rate and activity periodicities of two astro-
nauts. A and C. Lomb–Scargle analysis of heart rate (A) and activity of one as-
tronaut (C). B and D. Lomb–Scargle analysis of heart rate (B) and activity of the 
other astronaut (D). P indicates calculated period, S indicates peak signiﬁcance. 
E. Schematic of change in trunk activity in space. Bold (left) and normal arrows 
(right) denote different frequencies of trunk motion on ground and in space, re-
spectively. Motions occur three-dimensionally, but for simpliﬁcation, only horizontal 
motions are shown.
3.2. Changes in activity rhythms
Activity data were acquired simultaneously with the heart rate 
data using Actiheart monitors. Because the Actiheart monitor is af-
ﬁxed to the chest, it records data representing the motion of the 
trunk, unlike the Actiwatch monitor, which records the motion of 
the wrist.
A decrease by nearly a factor of 10 in the average value of activ-
ity during ﬂight relative to the corresponding preﬂight value was 
observed for the two astronauts with usable data. After return, the 
activity values increased compared with the inﬂight data but were 
still dramatically lower than the activity values for the preﬂight 
data. The postﬂight activity values were only approximately 1/3 of 
the preﬂight values (Fig. 2).In particular, before ﬂight, the activity of these two astronauts 
displayed rhythmicities, although the statistical signiﬁcance was 
low (Fig. 2). Before ﬂight, the activity of one astronaut peaked at 
approximately 19:00, whereas the activity of the other peaked at 
approximately 12:00 (Fig. 2). In contrast, the rhythmicities of ac-
tivity became aberrant during ﬂight for both astronauts. A Lomb–
Scargle analysis conﬁrmed the attenuation of activity rhythmicity 
during ﬂight in these two astronauts (Fig. 3C–E). These results sug-
gest a deregulation of activity rhythms caused by spaceﬂight.
4. Discussion
The space environment strongly inﬂuences the human cardiac 
system. The circadian timing system is one of the critical regula-
tors of heart rate (Easton et al., 2004; Martino et al., 2008), and 
alterations in any of the characteristics of circadian rhythm, which 
include the period, amplitude and phase, may lead to physiolog-
ical and behavioral disorders (Bechtold et al., 2010; Fuller, 1994;
Monk et al., 2001). A study of two ESA-astronauts showed a damp-
ened circadian rhythm of blood pressure. During ﬂight, the heart 
rate levels were signiﬁcantly higher than those before ﬂight. Af-
ter ﬂight, the daytime heart rate levels were even more elevated 
(Karemaker and Berecki-Gisolf, 2009). In addition, phase changes 
caused by spaceﬂight in some physiological variables, e.g., blood 
pressure, body temperature, and urinary cortisol, have been re-
ported in a number of independent studies (Gundel et al., 1993, 
1997; Monk et al., 1998).
In this study, we found a decrease in heart rate amplitude in 
all three astronauts during ﬂight and an increase in the average 
values of heart rate after ﬂight (Fig. 1 and Table 1). However, we 
showed that the changes in maximum and minimum values of 
heart rate differed among individuals (Table 1). In addition, one 
but not all astronauts displayed a phase delay in the heart rate 
rhythm after ﬂight (Fig. 1). These data suggest that the impacts 
might be inter-individually different. Similarly, the inter-individual 
differences among four astronauts in body temperature have been 
noted in a previous study (Gundel et al., 1997).
Alterations of circadian/diurnal rhythms have also been ob-
served under simulated weightlessness conditions. Tilt bed rest is a 
simulation of microgravity. We previously showed that the diurnal 
rhythms of heart rate variables, urination and defecation changed 
during a 45-day period of head-down bed rest, suggesting that the 
circadian timing system might be affected by bed rest (Liang et 
al., 2012, 2014). In the Liang et al. (2012) study, the heart rate 
of eight subjects decreased during bed rest and dramatically in-
creased after bed rest. More interestingly, advanced and delayed 
phases in the heart rate were observed during and after bed rest, 
respectively. The elevation of heart rate observed during bed rest 
is consistent with the data from an orbital study (Verheyden et al., 
2007).
Alterations in the function of the autonomic nervous system 
(ANS) have also been observed in bed rest experiments and in 
space missions (Baevsky et al., 2004; Cooke et al., 2000; Liang et 
al., 2014). The ANS is implicated in the control of the physiology 
and function of a number of tissues, which include the cardiovas-
cular system (Agarwal, 2010). Moreover, the ANS is under the con-
trol of a circadian clock (Mohawk et al., 2012). As such, altered ANS 
function may contribute, in part, to the misalignment of diurnal 
rhythmicity under simulated and actual weightlessness conditions. 
It will be important to investigate the mutual regulation linking 
the circadian clock with the ANS in future space studies.
The space environment or microgravity produce behavioral 
changes, e.g., disorientation responses in ﬁshes and birds (Mori, 
1995). In this study, the Actiheart results revealed a loss of rhyth-
micity of body trunk activity during ﬂight. In contrast, another 
group recorded the activity of the three astronauts with Acti-
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three astronauts on the same space mission (data not shown). Fur-
thermore, the Actiwatch analyses from several other studies also 
demonstrate a robust rhythmicity of wrist activity, either in space 
or on the ground (Dijk et al., 2001). The loss of rhythmicity during 
ﬂight cannot be attributed to shift work because the crew em-
ployed a regular work–rest schedule, as described in the Materials 
and methods section. Therefore, weightlessness might explain the 
loss of rhythmicity in trunk movement during ﬂight.
Apart from the abolition of rhythmicity, this study demon-
strated a dramatic decrease in the average levels of trunk activity 
based on the Actiheart monitor data (Fig. 2). The Actiwatch moni-
tor is worn around the wrist and records data on the locomotor 
activity of the forearm, whereas the Actiheart monitor is worn 
around the chest and records data on trunk movement. An analysis 
after an 8-day spaceﬂight showed that the highest mass loss form 
regional muscles occurred in the intrinsic back muscles in compar-
ison with the soleus-gastrocnemius, anterior calf, hamstrings and 
quadriceps (LeBlanc et al., 1995). Mass loss from the back muscles 
reﬂects a decreased in the demands on the spine and trunk to sup-
port the weight of the body and/or a decrease in trunk motion. In 
space, a decrease in astronauts’ level of trunk movement might re-
sult from the loss of gravity for at least two reasons. First, trunk 
movement may cause astronauts to ﬂoat away. Actually, to better 
control their operations, astronauts use foot restraints to anchor 
themselves within a space station. Additionally, as it is easy for 
astronauts to handle even heavy objects under conditions of micro-
gravity, they may use their hands to perform operations and make 
far fewer coordinated movements with their trunk. Therefore, the 
dramatic decrease in trunk activity might imply an adaptation of 
trunk motion to the conditions of microgravity. After the astro-
nauts returned from the mission, the rhythmicity of their activity 
was not restored. The reason for this continuing lack of rhythmic-
ity might have been their need for rehabilitation or an aftereffect 
of spaceﬂight (Fig. 3E). Further understanding of this phenomenon 
will be important for studying musculoskeletal degeneration in 
space and for developing new countermeasures to improve the 
performance of astronauts.
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